Abstract: This paper draws on research conducted in the past two decades examining issues related to the human element in mine disasters. While much of the emergency response community employs a systems approach that takes into account psychosocial issues as they impact all aspects of an emergency, the mining industry has lagged behind in integrating this critical element. It is only within the past few years that behavioral interventions have begun to be seen as a part of disaster readiness and resiliency in the industry. The authors discuss the potential applications of psychosocial studies and suggest ways to improve mine emergency planning, psychological support, and decision-making during a response, as well as actions in the aftermath of incidents. Topics covered, among others, include an economic rationale for including such studies in planning a mine emergency response, sociological issues as they impact such things as leadership and rescue team dynamics, and psychological issues that have an effect on individual capacity to function under stress such as during escape, in refuge alternatives, and in body recovery. This information is intended to influence the mine emergency escape curriculum and impact actions and decision-making during and after a mine emergency. The ultimate goal is to mitigate the trauma experienced by individuals, the organization, and the community.
Introduction: Framing the Issue
Research over the past twenty years has investigated a major over-arching theme in disasters: the role of human behavior and the psychological issues present during and after a disaster. There has been extensive research on behavior and the psychological impact of disasters, both man-made (terrorism, technological) and natural (hurricanes, earthquakes, floods, tornados, etc.). Research in this area began more than 30 years ago with Russell R. Dynes and Enrico Quarantelli at the University of Delaware [1, 2] and continued in earnest after the Oklahoma City bombing of the Murrah Federal Building and also the sarin gas release in the subway in Tokyo, Japan in 1995. Human studies on disaster response and interventions have increased exponentially since the unprecedented terror attacks on 11 September 2001. The mining industry is not immune to the human effects of disaster, both natural and man-made.
On 20 November 1968, an event occurred that was to bring a far-reaching change in the regulatory oversight of coal mining in the United States. At approximately 5:30 a.m., an explosion ripped through the Number 9 mine of the Mountaineer Coal Company near Farmington, West Virginia. The blast was felt in Farmington, 12 miles away. Over the next few hours, 21 miners escaped, but 78 did not. Eight of the survivors were on a crew working in a section of the mine called "7 South". On 30 June 2008 one of the crew members gave a first-person account to researchers from NIOSH's Office of Mine Safety and Health Research [3] :
I was on maintenance. I was a mechanic. But, I was running buggy [electric haulage vehicle] extra that night running buggy on 7 South section. And we were in Number 7 heading and I had about a half buggy of coal from the loading machine and the power went off, just "click". Power went off. Everything. So I stepped off the buggy and thought "what in the world is going on?" I stepped back into the intersection and just man, it was like somebody hit me in the face with a bucketful of dirt. Couldn't see. Couldn't breathe. So I pulled my shirt up over my face and just sat down. You couldn't see your hand in front of your face, it was so dusty. [We all] got back to the dinner hole where the self-rescuers [CO filter devices] were. So we immediately put our self-rescuers on and went down the track heading. Our man-trip [personnel carrier] was blown off the end of the track about four blocks. Trolley wires were blown out of the hangers. Our section [haulage] belt; part of it was turned upside down. There was block stoppings blown in both directions for 200 feet. The explosive force when we got to the crosscut, where the hanging went over to the new airshaft, the roof bolt plates actually turned vertical, from the explosive force. That new airshaft relieved enough pressure off of us that it didn't kill us right where we were. So we went on toward the new airshaft, crossing an overcast that was built to stay there 20 years. It was really double-walled 12 inch block, overcast double walls, 90 pound steel on top on one-foot centers with half-inch plate laid in between the rails and all concreted on top, and it just tore that overcast all to pieces. It twisted rails like a dishrag, broke rails, run rails into the rib. It scattered blocks for three or four hundred feet in both directions. And when we got to that overcast, the section foreman stood on a pile of rubble there, and looked at us and said, "Something awful has happened". And the guy wet his pants.
The Farmington Number 9 mine was sealed on 30th November 1968. Body recovery operations began in September 1969 and continued for almost ten years until April 1978, when the mine was permanently sealed. Of the 78 men who died, 59 were recovered. Nineteen others remain entombed in the mine. A permanent memorial at the mine site honors those who perished.
The Farmington miners left a legacy. In the aftermath of the disaster, Congress passed the Federal Coal Mine Health and Safety Act of 1969. This legislation has forever changed the way coal is mined in the United States and has paved the way for continuous improvement in mine safety and health.
Forty-two years later, from an article in the Tribune Review 10/31/2010 K Lifetime Section, "Not in Our Lifetime," Coal River Valley, WV by Chris Togneri [4] : Human psychological and social (psychosocial) issues impact all aspects of a disaster. They involve not only the victims but also the front-line rescuers, all members of the incident command system, and the families and communities-even national and international communities-connected to the events. Further, from a psychological standpoint, a mine disaster does not end when rescue and recovery efforts are complete. The psychological aftermath is often just beginning and has an effect on survivors, as evidenced in the Togneri article and in the Gary Martin interview.
"I am hoping I can get back to normal, but it just seems like I'm getting worse," commented Stanley "Goose" Steward, who escaped from Upper Big Branch in 2010. Six months after the explosion killed 29 miners in Upper Big Branch, many residents fear they will never fully recover. The miner, quoted above, spends most days sitting in a lawn chair staring at the densely forested mountains surrounding his home. In the cemetery next door lie three of his closest friends, fellow miners who were killed April 5 (2010) at Upper Big Branch mine. (He) used to be an avid hunter, runner and fisherman with many friends. These friends have stopped calling, which is fine with him as he wants people to leave him alone. He finds no enjoyment in anything. "There is something in me, eating me from the inside out, and I don't know what it is, and it won't come out." He will never mine coal again. "The last two or three weeks, I've been worse than I was even right after it happened. I don't know if it's possible I'll ever be normal again."
The goal of this article is (1) to provide a background in the human element of disasters and (2) to make recommendations for improving interventions before, during, and after a mining disaster to help mitigate the human psychological consequences.
A survey of the literature was completed to determine which aspects of behavioral research in emergencies were applicable to the mining industry in the United States. In addition to a review of NIOSH studies over the past 20 years, this literature review included an analysis of the 2008 NIOSH international contract reports on escape and rescue from Australia, South Africa, China, Ukraine, Poland, and Russia as well as an academic research contract study completed on the psychological aspects of escape and rescue [5] . In addition, other industry's emergency response programs were examined to determine their applicability to mine emergency response [6] . An independent review of legislation and other reports were also analyzed [7] [8] [9] [10] [11] .
The paper is organized to (1) define the human element in disasters by examining psychological issues and financial impact (2) discuss the human element including judgment and decision-making under stress, leadership in emergencies, information and communication, expectations training on self-contained self-rescuers (SCSRs) and refuge alternatives, work shifts and fatigue, and rescue team exposures (3) provide recommendations for pre-, during, and post-disaster interventions. Portions of the report are excerpted from the authors' previous publications. When these excerpts are identified, the original document is referenced.
Defining the Issue: The Human Stress Response
A mine disaster can be one of the most stressful, traumatic events an individual can experience. It can cause both short-term and long-term effects on mental health and functioning. To understand these effects, their impact, and potential interventions to mitigate the effects, it is important to understand the stress response, what a psychological trauma is, and what happens to people during and after a traumatic event.
The oft-called "fight or flight" stress response is a normal, mind-body human response, which was initially studied in the 1920s by Hans Selye [12] , an Austrian endocrinologist. Selye postulated that the human organism survives by maintaining a normal internal balance called homeostasis. When a physical or psychological threat disrupts homeostasis, it can produce physiological reactions in the body. These physiological reactions involve the nervous and endocrine systems and produce various system and organ responses. Specifically, stress leads to activation of the autonomic nervous system and to an increase or decrease in secretions of hormones such as epinephrine or adrenaline [13] . In fact, stress is a physical body response (Figure 1 ) that, if continued over an extended period of time, can lead to disease (Figure 2 ). A stressor can be either psychosocial or biogenic. Psychosocial stressors are environmental events wherein the individual's interpretation plays a key role in the onset of the stress response. In other words, one's perception of a situation determines if the stress response is initiated. Thus, a circumstance that may be stressful for one person may not be stressful for another person. Typically, there is a range of individual responses to a stressful situation. Further, the onset of the stress response may vary. Some individuals may react to a traumatic incident immediately; others may not react for hours or even days. This is important to understand in a disaster situation. In a mine disaster, one can expect individuals to respond differently according to their interpretation of the danger, including prior experience with similar events.
Biogenic stressors are stimulants, such as caffeine, nicotine, amphetamines, phenylpropanolamine, or theophylline; they initiate the physical stress response directly. Both psychosocial and biogenic stressors initiate the stress response, but psychosocial stressors do not directly cause the stress response; only those psychosocial stressors interpreted as threatening by the individual will initiate the stress response. It is not necessarily what happens to us, it is the meaning we give to the experience that makes the difference. The body does not know the difference between biogenic or psychosocial initiation of the stress response.
Stress may be further categorized as either cumulative stress (i.e., the daily hassles that can add up over time) or acute stress an immediate response with relatively rapid onset. Traumatic stress is an extreme case of an acute stress reaction to a sudden, intense, and unexpected incident. A mine emergency could easily lead to traumatic stress. It should be noted that the stress faced by emergency responders and command center personnel over time could qualify as cumulative stress as they may find themselves in similar stressful situations over and over again. The three incidents in 2006 (Sago, Alma #1 and KY Darby), followed by Crandall Canyon in 2008 [14, 15] and Upper Big Branch in 2010, certainly could qualify as cumulative stress for those personnel responding to two or more of these intense incidents.
When individuals are under duress, their hearts beat faster, and blood is diverted to the skeletal muscles. During stress, an individual may experience shock; temperature, blood pressure and respiration rate remain high; there is a sudden outpouring of adrenaline; the throat becomes dry; digestion stops; and eyesight improves. The body prepares to respond to the danger to be ready to either fight or run away (flight) [16, 17] .
This response was useful to prehistoric humans in their efforts to survive dangerous animals, human enemies, and other conditions of primitive environments. In today's societies, the dangers may differ but can be equally severe and more complex. Modern humans are besieged with overlapping stressors, and the constant response to them creates wear and tear on the mind and body (cumulative stress). In addition, emergencies and disasters may expose individuals to sudden intense stressors (acute stress). Both types of stress interrupt homeostasis and result not only in physical consequences but also cognitive, emotional, and behavioral consequences for the individual. Short-term symptoms and longer term symptoms can include difficulty concentrating and making decisions, emotional responses such as anger or fear, and behaviors such as acting out or withdrawal. See Figure 3 for a more complete description of potential responses to traumatic stress [18] . Post-Traumatic Stress Disorder (PTSD) is considered to be the most severe and disabling variation of stress. The general public became aware of PTSD following the Vietnam War, when soldiers were reporting symptoms of a duration and intensity that called for medical intervention. In fact, the U.S. Military has long been aware of the traumatic consequences of combat. The term "soldier's heart" came into use following the Civil War. "Shell shock" was the common term from World War I. And from World War II, we have the term "battle fatigue".
PTSD is a medical diagnosis recognized in 1980 by the American Psychiatric Association and described in the 1994 Diagnostic and Statistical Manual of Mental Disorders (DSM IV). It is a psychiatric diagnosis made three months post-incident. Before three months have passed, Acute Anxiety Disorder is usually the diagnosis, though many of the symptoms are similar. Acute anxiety disorder, however, does not necessarily become PTSD. DSM IV is under review; it is likely the definitions will be updated.
Symptoms associated with PTSD include flashbacks or nightmares, reliving of events, exaggerated startle responses, sleep disturbances, detachment or avoidance of close, interpersonal relationships, feelings of guilt, high levels of anxiety and depression, and impairment of concentration and memory. Symptoms may last for a short period of time or for years. Responses can fluctuate and be confusing and disturbing to the individual, his or her family, and co-workers.
The stress response is an appropriate, normal response in an emergency. Unfortunately, a traumatic incident may lead to longer term, ongoing stress responses that can interfere with daily living. In defining the issue, we have focused on individual response to an emergency, but, a disaster can have an impact on many others, including the individual's family, community members, and co-workers.
Human Themes in Disaster
The experience of human stress is not a new issue. Traumatic stress reactions during war have been reported by historians since 603 BC. Thousands of combat stress victims were reported during the American Civil War and among American service personnel in the two World Wars. Police psychologists were added as members of emergency response in the mid-1960s and have made important contributions related to providing psychological support services. Emergency medical service agencies began developing support services in 1972; the first programs were in trauma centers and large hospitals [19] .
As mentioned earlier, it is only within the last twenty years that research has been undertaken in earnest in the area of human response to disaster. The mining industry has provided only limited empirical data, but other studies on the human element can be applied to the mining industry. An attitude and resource allocation shift in mine emergency response to include the psychological issues pre-, during, and post-disaster must rely on empirical observations from experiences outside the industry.
Researchers from NIOSH and other organizations suggest four human elements or themes of importance to consider in mine disasters, the first of which is human behavior, an element to which the U.S. mining industry has not given enough attention.
For example, after the first underground explosion in the 2001 Jim Walters Resources #5 mine disaster in Brookwood, Alabama, a number of miners went to the area where they thought their buddies were down, only to be killed in a second explosion. Though their reported motive was to help their downed buddies, their decisions, in retrospect, were based on misinformation or lack of information.
In the 2006 Sago, West Virginia mine disaster, miners made decisions that negatively affected the outcome of their actions. When they started to ride out of the mine and their mantrip hit debris, they initially continued their escape on foot. Upon encountering smoke, they donned their SCSRs. Four members of the group concluded their units were not working and apparently did not "cold start" the apparatuses. That action, combined with the fact that there was smoke in the entries, appears to have convinced the workers that their best course of action was to return to the section and await rescue. This decision may have been influenced by the fact they did not know how far they would have to travel to get to fresh air and by the mistaken belief that rescue would not take much time. Once back on the section, they decided to use curtain material to erect a barricade. Several of the miners removed their mouthpieces. There is a possibility they were unaware that when one stops breathing into this particular unit the chemical bed starts to solidify, making continued use of the device problematic.
In this case, more knowledge or different thinking might have resulted in a different outcome. First, smoke should not be a deterrent to escape, especially when there is limited visibility. Second, there weren't adequate materials to build an effective barricade. Third, a better estimate of how long it would take to sink a bore hole or for a mine rescue team to reach the section might have caused the crew to reconsider the possibility of traveling through smoke. Fourth, greater knowledge about how their SCSRs worked could have given the miners more confidence that they could use them effectively to escape. It is certain that the seeming failure of four units played a role in their decision to return to the section. And, as it turned out, the decision was an unfortunate one.
Studying the human behavior aspects of incidents provides data for prevention, strategies for escape and rescue, information for incident command decision-makers, and skills and interventions for training. Lessons learned from Jim Walters #5 included the importance of accurate information and communication; lessons from Sago included communication issues and the need for SCSR expectations training [15] , which is designed to give miners a feel for what it is like to actually wear the apparatus. A second human element theme in disasters is the issue of communication behavior. Communication was the number one issue mentioned when mine emergency response experts and miners who experienced escape under duress were interviewed concerning the critical first moments of a mine fire [20] . While examples of communication breakdowns were repeatedly noted, the interviewees also agreed that technology was important, as were trust, leadership, pre-planning, and non-verbal communications. [21] .
The third human element theme is people's reactions once an emergency situation has been identified. NIOSH work confirms other research in the field of emergency response, i.e., most people tend NOT to panic. People also tend to follow their normal behavior even though they do experience the normal stress reaction. The normal stress reaction still can imply that high stress situations may lead to confusion and poor decision-making affecting an escape plan and its execution. In addition, unofficial leaders often emerge during high-stress escape situations. Leadership skills are an important component in escape and rescue and will be discussed later in this paper.
The fourth human element theme studied is the behavior of people once they reach safety. From a psychological perspective, the trauma may be just beginning when individuals reach safety. Interventions after-the-fact are generally addressed in mining with a referral to the local county mental health office. Unfortunately, local, rural mental health facility staff members rarely have training in disaster mental health.
Judgment and Decision-Making under Stress, Communication and Information
International Longwall News-UBB transcripts detail early conflicts [22] . Stress and decision-making are related to information and communication. In studies of escape from underground mine fires, researchers have identified several human behavioral and organizational dimensions relevant to understanding decision-making under duress. First, initial warnings in dangerous situations are often unclear, sometimes due to the way technology behaves and sometimes due to faulty human communication. This can lead to different interpretations of the problem. People also tend to normalize initial warnings, not taking them seriously. Second, people frequently fail to gather the right kinds of information, which prevents them from making appropriate responses. Third, once a decision is made, individuals respond well to a leader. However, if leadership is lacking, people tend to become confused. Finally, apparatuses (e.g., those used in mine emergencies) may not work as expected or may fail. Not only are emergency decision-makers under stress affected by their own stress response and its resulting consequences, the information they must base their judgments on is often unclear, faulty, and incomplete [23] .
Focus of Attention
Does stress narrow the focus of attention? Do emergency personnel, who are under time constraints and often have limited or unreliable information, become more focused on specific details or do they focus on the "big picture?" Do they become scattered in thought and behavior? The research related to these questions is inconclusive. In several time pressure studies where individuals were given a difficult task to complete in an unreasonable time, subjects tended to become more focused. Negative information became important because it needed to be evaluated and discarded. Stress reduced the tendency to offer solutions before all decision alternatives were considered [24] [25] [26] .
In other studies involving risk and time pressure, it was found that individuals do not fully explore all information and tend to adopt a simpler mode of information processing. In addition, with risky situations such as in an emergency response, individuals may become more cautious and place importance on avoiding losses [27] . Narrowing the focus of attention and "missing" information was thought to be bad because all alternatives are not considered. But narrowing the focus of attention may be good as it allows the individual to focus just on critical issues and elements, eliminating non-essential information and highlighting the most important sources as a basis for decision-making. Experience may also play a part in the ability to select important information. Whereas a novice will systematically go through all options, an experienced individual may be better able to narrow the options based on previous situations [28] .
Decision-making is affected by the uncertainty of the environment. An emergency environment is dynamic and uncertain [29] . Yet, in a dynamic situation, the decision-maker can use feedback on the effect of his/her actions quickly and use this information in future decisions. In such a situation, the decision-maker must achieve a trade-off between the cost of action and the risk of non-action. In a lab study, under high levels of pressure, participants tended to wait until a situation was deteriorating before acting. Participants tended to choose further information over action, even as the situation was clearly falling apart [30] .
Analytical vs. Intuitive Judgment under Stress
It is generally assumed that the best decisions are rational and based on logic and factual information. This assumption has implications for the discussion of judgment and decision-making under stress. Researchers have tended to look at reason and emotion separately. A value has been placed on decisions made with reason: "it is a careless, but common usage to suggest that when we make bad decisions, they are based on emotion, but when we arrive at good decisions, they are based solely on reason" [31] .
Different situations demand different kinds of thinking. Some situations call for increased analytical thinking, and others call for increased reliance on intuition. Both the environmental conditions and people's reactions to them are keys as we look at judgment and decision-making under stress. The following case studies are examples of decision makers' following different paths but achieving successful outcomes. Hammond [24] describes the following: The two cases presented portray decision making in life-threatening circumstances under two distinct scenarios: one where the knowledge and training of the decision maker were readily applicable and one where the decision makers' training had not prepared him or his crew for the situation they faced. Both instances involved individuals who were highly trained. In many dynamic settings, such as mining, those who are forced to make initial decisions in emergency situations have some training but limited experience in emergencies. This is because in a mine incident, it may take substantial time to bring experienced command personnel and emergency response teams to the site.
Considering the issue of analytical vs. intuitive judgment, a NIOSH report observed that research focusing on judgment must include scrutiny not only of decisions that are made, but also of the real-world situation. The quality of a decision may have little or no direct relationship to the eventual outcome in a given situation. This is because a decision-maker is constrained not only by the stress of the situation, his/her personal knowledge, training and attitudes, but also because he or she can only weigh information that is available [23] .
Decision-making by response teams in the field and their interaction with command have been examined. Greek researchers Kontogiannis and Kossiavelou [32] studied the decision-making strategies and cooperation patterns used by proven, efficient teams in adapting their behavior to cope with stressful emergencies. The authors concluded that stress restricts cue sampling (focus), decreases vigilance, reduces the capacity of working memory, causes premature closure in evaluating alternative options, and results in task shedding.
A study of military commanders found that teams with records of superior performance have one common critical characteristic: they are extremely adaptive to varying demands [33] . The teams in this study could maintain performance using just one-third of the time usually available to make decisions, but the mode of communication changed. Initially, the team responded to explicit (direct) requests from commanders. As time pressure increased, they stopped waiting for explicit requests and instead provided commanders with information they implicitly (indirectly and unspoken) determined would be useful. Serfaty and Entin [33] suggest that changes from "explicit" to "implicit" communication can help teams maintain performance under time pressure.
The authors conclude that effective changes in communication patterns may involve updating team members regularly, anticipating the needs of others by offering unrequested information, minimizing interruptions, and articulating plans at a high level in order to allow flexibility in the role of front-line emergency responders. The authors found support for the main hypothesis that team coordination strategies will evolve from explicit coordination under low workload conditions to implicit coordination as workload increases.
High reliability organizations, such as those on aircraft carriers and at nuclear plants, exhibit a similar flexibility. They operate under conditions of extreme hazard with little latitude for failure. Organizational structures, functions, and a safety climate that promotes rapid and effective communication are critical to maintaining safe work practices [34, 35] .
What factors influence a person's ability to make good decisions during an emergency? There is limited agreement on how to define those factors. Real-world, high-risk occasions and emergency situations such as those discussed above create the need to better understand judgment and decision-making under stress. The fundamental assumption is that, while there are untold successes, there are also notable failures resulting from decisions that can be ascribed to one or more errors of judgment. What part, then, does stress play in the commission of these errors? This is a question for further inquiry. A seasoned mine emergency manager noted during a NIOSH interview that sometimes a good decision does not lead to a successful resolution of the problem. On the other hand, sometimes poor decision-making still results in a successful resolution [20] .
So, what is the advice for the emergency manager, mine operator, command center personnel, or mine rescue personnel based on the data? Unfortunately, the authors cannot offer a "list" of factors to consider in judgment and decision-making under stress. The present, limited data do not support such an approach. There are serious limitations to generalizing from laboratory studies to real-life emergencies. We know that there is an interaction: stress affects human decision-making. What we do not know is the exact nature of this interaction. We can, however, make some observations.
• The research suggests that successful teams communicate amongst themselves, are flexible and, as the emergency intensifies, develop a "flatter" communication hierarchy with more (unsolicited) information relayed from the field to the command center. Command center personnel can facilitate and encourage this type of information.
• Stress is affected by perception; it is the perceived experience of stress that an individual reacts to. However, extremely hazardous emergency environments will create some degree of stress reaction in every worker present.
• A common approach by emergency managers in public safety response (firefighters, police, EMTs) is to minimize stress for the responders through pre-event training.
• Contrary to popular opinion, judgment is not always compromised under stress. Some studies show that the individual adopts a simpler mode of information processing that may help in focusing on critical issues.
• Decisions can only be made based on the information available, and studies have shown that on many occasions decisions are made with incomplete information. Action vs. the consequences of no action must be taken into consideration.
• More recently, decision-making support systems are being developed and incorporated into response. These programs should be tested under conditions of stress (time pressure is one option) to evaluate their effectiveness. Only systems that have replicated stress conditions in the field should be considered for use in mine emergency response.
Expectations
The very understanding of stress as having an interpretive component supports the need for expectations training to mitigate potential negative cognitive and behavioral reactions such as anxiety, confusion, fear, difficulty making decisions, sleep disturbance, depression, PTSD, or compassion fatigue (which may develop by helping or rescuing victims.) 3.2.1. Self-Contained Self-Rescuers After the Sago mine disaster in 2006, where 12 miners lost their lives, investigators and researchers were quick to analyze the root cause of the explosion without trying to understand the behavior of the miners who decided to barricade and to take off and/or share their self-contained self-rescuers (SCSR). The sole survivor reported that four of the units did not work; yet, NIOSH tests indicated the SCSRs had not been used to capacity. NIOSH completed one study after Sago to determine realistic miner expectations while donning and wearing these units and determined nine key areas representing issues that might influence a miner to remove his/her breathing apparatus: (1) starting the unit, (2) unit heat, (3) induction of coughing, (4) unit taste, (5) difficulty in breathing while wearing the unit, (6) quality of the air supplied, (7) nose clips, (8) goggles, and (9) the behavior of the breathing bag [36] .
This study resulted in a NIOSH training program on expectations that became part of the Mine Safety and Health Administration's (MSHA) mandated SCSR switchover training six months after the Sago disaster. During this work, NIOSH researchers developed a definition for expectations training as "training that provides the trainees with sufficient physical, cognitive, psychological, and behavioral information (beyond the necessary technical information and hands-on experience) to allow them to understand any potential symptoms they might experience while performing a task or action" [36] .
Refuge Alternatives
The introduction of refuge alternatives into underground coal mines in 2009 has created important psychological considerations for the safety and health of the mining population. Effective 2 March 2009, the MSHA final rule on Refuge Alternatives specified that there must be refuge alternatives in underground coal mines and annual "expectations training" on them [75. 1504(c) (3)] [37]. The potential psychological impact of confinement in refuge alternatives is an important consideration for the physical and mental well-being of trapped miners.
The use of these alternatives has raised a number of psycho-social questions, beginning with when, and if, to go into a chamber. Escape is always the first option in a mine emergency. NIOSH has developed two training programs, Harry's Hard Choices, which focuses on decision-making, and a second program focusing on what a miner might expect from a psychological perspective in a refuge alternative [38, 39] .
NIOSH initiated a project to "develop engineering guidelines associated with the location, construction, and general application of various refuge alternatives" [40] . The first phase of the project evaluated the impact that refuge alternatives could have made in the outcome in coal mine explosions, fire emergencies, and mine inundations in which fatalities occurred from 1970 through 2006. The potential effect of refuge alternatives on both survivors and fatalities was estimated. Thirty-eight disasters were studied, and the results indicated that the availability of "refuge stations" (alternatives) would have had a positive impact on the outcomes of 12 disasters (32 percent) of those disasters. The total number of miners who would have been positively impacted was 83 (19 percent) of the 429 underground and impacted (miners) by these accidents. "A total of 74 (29 percent) of the 252 fatalities would have been positively impacted and potentially would have survived the accident. These numbers are based on the assumptions that were made during the analysis of the mine disaster reports. These assumptions are conservative and based on sound understanding of coal mining environments, operations and procedures" [40] . The report also specified that psychological factors would strongly influence miners when using a refuge chamber [41] .
The research on the psychological aspects of confinement in a refuge alternative is very limited. It is possible, however, to extrapolate and apply to mining research in other areas such as the military and studies with confined spaces and extended time in confinement.
A hot, humid, closed, and cramped refuge alternative environment is likely to be uncomfortable and to tax coping strategies. Over time, miners are likely to feel crowded, sleep-deprived, irritable, bored, and restless. Other noxious stimuli could include loss of privacy while toileting, odors emanating from the chemical toilet and from other occupants, and the absence or presence of noise by machinery or life support systems. Low level or lack of lighting can compromise the body's natural circadian rhythms.
Muscle cramps and joint pain from physical positioning during confinement (sitting, recumbent) and/or other discomforts depending on the refuge alternative's design are also possible.
In addition to the challenges mentioned above, there is a risk of triggering unresolved traumatic memories in individuals with a prior history of traumatic exposures (including a mine disaster, explosion/fire, vehicular crash, assault, or military combat). Reviews of fallout shelter studies, underwater habitability studies, NASA manned spaceflight human factors research, mine disaster field studies, and other sensory deprivation and confinement studies has led to the prediction of likely psychological reactions, including anxiety, withdrawal, apathy, aggression, hostility, depression, and irrational and impulsive behavior. Visual illusions and hallucinations were reported in mine disaster field studies in which trapped miners were subjected to prolonged periods of darkness (1-2 weeks) and uncontrolled hazards (roof falls).
Researchers noted a shift in the behavioral dynamics of trapped miners in two case studies reviewed, finding that, initially, miners were very focused on the task of escaping and then became more concerned with survival for themselves and their group, which turned the focus to individual emotions and working toward group cohesion. Miners were likely to be confused and disoriented upon entry into the refuge alternative, and consequently were very anxious, mainly due to the effect of the disaster. Specific psychosocial and environmental factors noted to cause significant stress included a lack of outside communication, prolonged darkness (sensory deprivation), the presence of injured miners, and the experience of powerlessness to provide appropriate medical assistance.
If miners elect to stay in a refuge alternative, it is important that they believe it is the last alternative and have confidence someone will rescue them. Present mine rescue practice in the United States has not been changed to accommodate large numbers of trapped miners, nor has a protocol been developed to rescue miners in a refuge alternative.
In South African mines, strata chambers are used as refuge alternatives because their flat-lying shallow seams allow large diameter drills to drill through the earth and rescue miners. Strata chambers are constructed in one location in a mined opening and isolated from the mine atmosphere with airlock seals. A drill and escape capsule were successfully used at Quecreek in 2002 where nine miners were trapped after machinery broke through into an abandoned, adjacent mine and an inundation of water flooded the working mine. Alternatively, most U.S. underground mines have more limited access pathways than were available for the Quecreek rescue. This conclusion derives from a NIOSH evaluation of surface seismic array sites at three mines that had disasters [42] . Mine rescue teams must be prepared to enter the mine through the existing portals to assist miners who choose to remain in alternatives.
For people who are directly exposed to a disaster, acute post-traumatic reactions are not unusual and tend to emerge early on as acute anxiety. These reactions can include hyper-vigilance, difficulty sleeping and nightmares, feelings of anxiety, event-specific fears, anger or rage, and vulnerability. In a review and study of behavior associated with underground coal mine fires, NIOSH researchers found similar response symptoms. Recovery can be rapid for most, slower for others, and for some, may not occur at all.
Many disaster research studies have observed non-specific indicators of distress or perceived stress. The ability to "think forward" in such a situation may help increase miners' ability to cope with a situation of confinement in a refuge alternative. Thinking forward includes talking about "what's next"， scheduling communications with significant others, developing a routine, and, in general, focusing on the immediate future.
In 2010 there was a massive roof collapse in a Chilean gold and copper mine. Thirty-three miners were trapped. The miners were not discovered for 17 days, and it was initially estimated that it could take up to four months to rescue them from the mine. Although in a limited and defined space, the Chilean miners were not restricted to a refuge chamber and could move around upright. Once discovered, the miners were provided with light. The ability to control light and darkness is important for physical and psychological health.
According to the London Times, the Chilean Health Minister said that some of the men reported having difficulty sleeping at night and were becoming increasingly anxious and irritable after being cramped in a confined space for so long. The Health Minister indicated that anti-depressants and other drugs were lowered to the men to address these and other issues [43] .
At one point a camera was lowered and a "tour" of the cramped underground space was done by one of the miners who illuminated the area with his cap lamp. He showed how the miners had organized their space, creating a medical supply corner, a meeting and planning area, and areas for sleeping, praying, and playing.
The fact that the miners were able to communicate, and even use humor, with rescuers and family members played a role in their mental health in much the same way as social support systems contribute to wellness and recovery after illness or death of a loved one. Strong leadership was also a significant factor in coping with the situation as evidenced in the group's organization throughout the ordeal [43] .
Miners are trained to work together and take care of each others' well-being in the hazardous mining workplace. Mining communities are known to pull together to and support one another through difficult days and times. The Chilean incident was a successful example of what is possible when miners, families, and local and global communities work together to provide suggestions, materials, encouragement and support.
Leadership
Leadership is a key factor in mine escapes and rescue activities. The following story supports the need for attention to this issue: Individuals seek out leaders when in crisis. The qualities individuals most often seek in a leader are competence and benevolence [45] . Thus, it seems that leaders exert much of their effectiveness by allaying fears and providing hope for those who follow them. Kolditz and Brazil [46] , in their review of leadership in high risk and life and death situations concluded that "authentic" leadership was most valuable. Authentic leaders are confident, optimistic leaders who possess high moral character and ethical reasoning. Authentic leaders are most likely to create loyalty, obedience, admiration, and respect. These leaders lead by giving purpose and motivation and by providing direction in extreme conditions. In the final analysis, leadership resides with those who follow. While the leader may have the vision and courage to lead, it is those who follow who must recognize those qualities. It is those who follow who must perceive the leader as someone who can be trusted and someone who possesses strength and competence to successfully lead those who follow to safety. NIOSH research on leadership supports a number of these findings [45] .
In March 1988 a major fire occurred in an underground coal mine in western Pennsylvania, followed by two more such incidents at other local mines. All three incidents forced the evacuation of miners who were working beyond the area of the fire and had to escape through smoke-filled passages in a very hostile environment. Forty-eight miners from eight groups of escaping miners were interviewed by NIOSH researchers about their escape experiences.
To examine leadership characteristics, data were separated into eight separate escape groups and coded according to (1) evidence of leadership behavior, (2) evidence of lack of leadership behavior, and (3) characteristics of the individual in each group who led the miners out of the mine safely. In some cases, the hierarchal leader (foreman, mine inspector, supervisor) led the group out of the mine. Some groups experienced an apparent breakdown of leadership during their escape, while others witnessed the emergence of non-hierarchical leaders. One of the study's conclusions was that the day-to-day production boss is not always the appropriate emergency leader.
The mine escape leadership study identified six characteristics of the leaders. First, the leaders were all adept at incidental learning-they were attentive to the environment and noticed things others did not. Second, the leaders developed naturally during the course of the escape decision-making. No one "seized" power. Third, the leaders were decisive yet flexible in that they were willing to adjust their decisions with new information. Fourth, they listened to input from others. Fifth, the leaders were aware of the fear in the group and exerted a calming influence. Sixth, the leaders used a logical/analytical decision-making process.
The study provided support for the affiliative model of emergency response where everyone stays together in escape, as opposed to the panic model where it is every man for him or herself. In other words, the majority of miners behaved appropriately within the accepted social framework of behavior for the situation. Effective leadership increased the likelihood of efficient evacuation [45] .
Leadership, the qualities of leadership, and the effectiveness of leadership principles are also evident at the organizational level. The effectiveness of a particular crisis or disaster intervention and subsequent psychological recovery often relies on the organizational leadership behind the response itself. These authors and others [47] suggest that, on a grand scale, the disaster response to Hurricane Katrina stands as a tragic reminder of the consequences of failed leadership and failed coordination of services. The Sago mine disaster stands as an example of poorly coordinated public information services when all miners were reported alive when indeed they were not (only one survivor). The need for a competent leader for an organized and highly coordinated disaster response is an important consideration when developing disaster response plans, executing those plans during an actual disaster, and evaluating lessons learned post-incident.
The actions of the leaders during the Lassing, Austria mine disaster are particularly pertinent to this paper. Quickly recognizing the need for psychological support for victims and others, the Lassing leaders called in a psychologist and two social workers, none of whom were trained to provide psychological support during disasters. Specially trained police psychologists were then called but were overwhelmed by people's needs for support. Finally, professionally trained disaster mental health teams were called. The Lassing study supports the need for specially trained counselors in disaster mental health to be available, which supports the need for pre-planning. This is discussed further in the Mental Health and Intervention sections.
A problem noted by mine emergency response experts in the United States in "A Study of First Moments in Underground Mine Emergency Response" and affirmed in 2008 discussions with mine rescue personnel, was concern with the present cumbersome U.S. mine emergency command center dynamics [20] . Personnel represented in a mine emergency command center include representatives from management who are mandated to be in charge, federal and state authorities who have responsibilities and can negate mine management's decisions and, if a union mine, a representative from the United Mine Workers of America (UMWA). The individuals in the mine emergency command center historically are well-versed in mine technology but not in employing the standardized National Incident Management System (NIMS) for emergency incident command or unified command. The mining industry employs its own Mine Incident Command Center (MICC) protocols [48] .
Work Shifts and Fatigue
In response to mine disasters, mine rescue teams and Mine Incident Command Center personnel work long hours. A 2006 NIOSH report reviewing the growing body of research on long work hours indicated that long work hours can have serious health and safety consequences [49, 50] , such as injuries, cardiovascular disorders, stress, musculoskeletal discomfort, work-family conflict, increase in risky behaviors and motor vehicle crashes, medical errors, and loss of productivity. Most studies on longer work hours have been conducted with specific occupational groups such as nurses or construction workers; the data collected may not necessarily generalize to the overall workforce, emergency personnel, or mining in particular.
There may be additional adverse effects associated with 12-hour shifts and heavy workloads, as would be the case in an emergency operations center. The long shifts and lack of sleep were associated with diminished alertness and performance [51, 52] . These effects could apply to overtime work as well [53] .
In a unique study on the quantification of impairment induced by fatigue, researchers compared the effects of sustained wakefulness and alcohol intoxication. After approximately 20 to 25 hours of wakefulness, subjects performed at a level equivalent to those with a blood alcohol concentration (BAC) of 0.10 percent. Overall, these results suggest that moderate levels of continued wakefulness produce degradations in performance equivalent to or greater than those observed at levels of alcohol intoxication that are unacceptable when driving, working, and/or operating dangerous equipment [54] .
In the stress associated with a disaster, incident command, rescue, and recovery personnel often report that they "run on adrenalin" [20] . Fatigue is not something on which there are data, but anecdotal evidence suggests that fatigue is rarely considered in mine emergency preparedness, planning, and response. Nevertheless, fatigue is an important issue, especially in the incident command center, and can be a serious deterrent to effective rescue and recovery operations. In their review of decision-making in emergencies, Kowalski-Trakofler et al. [28] noted that "a flatter communication hierarchy develops with more (unsolicited) information coming from the field to the command center". This promotes a condition wherein the command center may be overwhelmed with information, which dilutes the ability to discern relevant from irrelevant information.
Findings such as these would suggest that extended work shifts in the MICC during disaster operations may contribute to a decline in cognitive abilities. The implications for such a phenomenon would be an increased potential for impaired decision-making, poor communication, and compromised interactions with the media, the public, families, and others as shifts are extended during rescue and recovery operations. Such conclusions suggest that operations throughout the MICC should be closely monitored from a psychological perspective, and shift rotations should be planned so as to sustain the highest possible levels of collective cognitive performance. Generally, an ideal shift might be nine hours with eight hours on duty and one hour of overlap for communicating with the relief person before and after shift. Rotating shifts should not be included in pre-disaster planning. Where rotating shifts become unavoidable, in order to accommodate one's circadian rhythms the direction of rotation should be forward (i.e., morning to afternoon to night), never backward [51] .
Circadian rhythm is a daily cycle of biological activity based on a 24-hour period and influenced by regular variations in the environment, such as night and day. People's highest level of activity usually happens in late afternoon or early evening when the body's ability to produce energy from food (metabolism) is also at its highest. The least activity usually is in the middle of the night when most people are asleep. There are also personal differences in circadian rhythms. People perform best when alertness and internal body activity is high and worst when alertness and activity are low. One can conclude from this information that during extended periods of darkness when a person's Circadian rhythms are disrupted safety behavior can be compromised.
Rescue Team Exposures and Dynamics
From USA Today, Crandall Canyon, UT [55] :
A cave-in killed three miners and injured six other men who were tunneling through a coal mine trying to reach six miners trapped for 11 days. Distraught family members of workmen, some of them children, arrived at the mine entrance looking for news. They hugged each other and cried. (The) Huntington Mayor told MSNBC the town was "devastated by the turn of events. We all feel like family when one hurts."
(Two of the deceased in the cave-in were mine rescue personnel.) By definition, a traumatizing event is one that is outside the normal range of everyday life events. It is experienced by the individual as devastating. An example of a potential traumatic incident for a miner would be the serious injury or death of a co-worker. Traumatizing events are more frequent among emergency workers such as mine rescue teams, command personnel, and state and federal mine officials. These events can result in an emotional reaction with the potential for inhibiting a worker's ability to function either at the scene or at a later time. Another example may be in body recovery where distressing circumstances, sights, sounds, and smells result in immediate or delayed stress reactions. Of interest to this discussion is the fact that of the five senses, smell lasts longest in memory. Even many years after a disaster a smell can trigger a flashback. The smell of smoke, for example, can trigger a flashback for a coal miner who escaped from a mine fire. Visual memories can also trigger flashbacks.
The field of disaster mental health has developed as the research on trauma and behavior in disasters has grown. Although researchers and psychologists who specialize in job stress generally agree that persons attracted to emergency work are, as a group, basically more emotionally stable than the general population, emergency workers are subject to an increased incidence of stress-related diseases [56, 57] . Post trauma reactions are natural, though not necessarily healthy responses to trauma, and they can usually be resolved. There is consensus among clinicians and researchers that the presence of a supportive environment is crucial to a positive resolution for the traumatized worker [58] . Successful resolution of the crisis experience not only allows for the worker's return to productive work but can help him or her better understand a normal response to an atypical situation. As noted, empirical investigations of the effects of crisis and disaster on personnel, organizations, families, and communities have increased in the past 20 years. Previous studies have documented the nature of the human stress response and the short-term and long-term consequences of exposure to a disaster [59] . For the most part, emergency workers have learned to deal with traumatic events and take them in their stride. However, there are certain circumstances when rescuers experience an emotional reaction to an emergency situation. They may develop an emotional connection to the victim or the victim's family, in which case the rescuers have reported increased symptoms of traumatic stress. This is relevant in rural mining communities where "everyone knows everyone". Disaster workers who reported identifying with the deceased as a friend were more likely than those who did not identify with the deceased to develop PTSD, have intrusive thoughts, and experience avoidance behaviors [60] . The RAND/NIOSH report after 9/11 found that personal and professional bonds led to greater risk-taking [61] , including those exposed vicariously or second-hand [62] [63] [64] . Compassion fatigue is also an issue for responders who may over-empathize with victims and families.
It is important to note that not all response to rescue and recovery work is negative. The members of the military assigned to recover bodies in the 1985 incident in Gander, Newfoundland, to be discussed in the next section, reported pride in their contribution and indicated they would volunteer for the job again. A study of recovery workers after the 2010 earthquake in Haiti indicated a similar finding [65] . Generally, most people do quite well following exposure to trauma.
Body Recovery
In a mining disaster, the removal of bodies from the mine may be necessary. Exposure to multiple deaths as well as individual dead bodies can be stressful, disturbing, and even frightening. Bodies may be burned or dismembered, or they may be intact-which has its own emotional consequences. Responders after the Gander, Newfoundland plane crash of 1985, which killed all those aboard, reported that natural looking bodies with no apparent cause of death were disturbing.
The task of body recovery after a mine disaster may be prolonged as in the case of the 2010 Upper Big Branch mine disaster in West Virginia where 29 miners died. As the deceased were discovered in the mine, it was necessary for the mine rescue team to continue searching for potential survivors. Ultimately, there were no survivors, and recovery of the bodies began after a number of days, exposing the mine rescue team to a difficult and prolonged exposure to the dead miners' bodies. The discovery and removal of the bodies after the 2006 Sago disaster was also challenging for the mine rescue personnel.
Responses from exposure to the dead after a traumatic incident are not well understood. Although it is recognized that exposure to dead bodies is one of the major stressors in disasters, limited research has been completed on the psychological effects on rescuers [60] . Ursano [60] noted that major psychiatric textbooks do not even mention the topic. Some researchers hold that regardless of previous experience, exposure to violent death can create additional victims in those who assist after the disaster [59] . In addition, miners who witness or arrive on scene shortly after an incident are affected. The authors suggest that anecdotal evidence from mining industry personnel confirms that even experienced miners and mine rescue personnel can suffer psychological effects from exposure to dead bodies.
Mine rescue personnel have reported to the authors that waiting time, i.e., the anticipation of when they will enter the mine and begin their task, is most difficult and stressful. The safety of the mine rescue team is top priority, which may mean building additional roof support or stoppings, removing debris, and constant gas monitoring before the team can move forward in search of potential victims. Sometimes teams are pulled out of the mine for a situation to be reassessed. This can be frustrating and stressful for responders. Studies of first responders, such as firefighters, support the view that the stress of anticipation has important psychological and physiological effects [66, 67] .
The limited studies in this area have resulted in some observations. Previous experience with a stressful event may reduce the effects of the present stressful event. Ursano [66] conducted a study in 1985 with the military responders after the Newfoundland crash. He found that inexperienced individuals report higher levels of fear and anxiety than do experienced individuals. A significant stressor in body handling is the sensory stimulation. The smell, the visual presentation, and the tactile sensation are often reported. Some have recommended that a masking smell be used such as a gel scent rubbed under the nose. Unfortunately this may create other problems later, as that smell will be associated with the experience and create memories and distress.
The sight of a large number of bodies at the Newfoundland crash was described by some as "overwhelming." One rescuer indicated that it felt like "you were surrounded" [66] . Surprise, shock, and fear of the unexpected are disturbing aspects of handling dead bodies. Also, identification with or emotional involvement with the deceased produces a high degree of distress. This can be a major issue in small and close-knit mining communities when rescuers may know the victims or their families. The common reaction of "it could have been me" is particularly potent in a rural mining community.
Again referring to the Newfoundland crash, researchers commented that grief and emotional upset were not often observed on the site itself as people are concerned about their public image and how they might look in front of peers, supervisors and subordinates. In response to questions posed to rescuers at the Newfoundland site, such as: "What if leaders are not able to be macho that day? Do you lose faith in them?" The answer from an experienced team leader was:
No, no, no! You can't lose faith in them. You have to talk to them and let them talk to you. "What was it that bothered you on that case?" Tell them that it's OK to get sick or say "Hey! I can't deal with it today." 'Because their psyche won't allow them to deal with that body that day, we can't think any less of them because tomorrow it might be our turn.
Unfortunately, that is not always the present attitude, especially in the military and in a male-dominated, volatile, dynamic industry such as mining.
Humor is recognized as a tension reducer during and after operations and is more common when workers are out of public view. Most humor by the Newfoundland response team was reported to be respectful rather than "black" humor. For most, professional counseling, if available, was viewed as unacceptable. The reasons included fear of job loss and peer ridicule. Interestingly, almost all of the responders said they did not feel the need for counseling but that they could have benefited from a brief talk about the experience with the work group, though some wished these meetings had been mandatory. The [66] report continued that:
Spouses of the body handlers were frequently unwilling to hear about the workers' experience; other times, the workers themselves decided not to talk to their spouses about the disasters. One man reported that his wife required him to take his clothes off at the door and shower after any contact with remains. Others described their first (and sometimes only) attempt at telling their spouses how they felt about their work and reported that they were unlikely to repeat the experience.
The return to work was difficult for many, especially when coworkers were not sympathetic or sensitive. Most workers appreciated some time off after the job was over. The general feeling was that those who had not been at the site could not understand what the volunteer had gone through. This made it more difficult to talk about their experiences. Coping mechanisms vary after a traumatic event involving fatalities [68] . Reports after the 1995 Oklahoma bombing and the terrorist attacks on 9/11 have supported an increase in alcohol use by responders [69] . Management of dead bodies is often based on the false belief that they represent an epidemic or disease hazard if not buried or cremated immediately. Though human remains may contain blood-borne viruses such as hepatitis B and C and HIV as well as bacteria that cause diarrheal diseases, they pose no risk to someone walking nearby, nor do they cause significant environmental contamination. More accurate information may reduce anxiety for rescue workers [70] .
There are recommended precautions for workers who handle human remains, including (1) protecting the face from splashes of body fluids and fecal material; (2) protecting the hands from direct contact; (3) maintaining hand hygiene; (4) providing prompt care-cleansing and get a tetanus booster for any wounds sustained during work; and (5) participating in available psychological and emotional support programs for workers. It is important that body bags be used. The sight and smell of decay are unpleasant and can be disturbing, but they do not create a health hazard [71] .
In most jurisdictions in the United States it is the county coroner's job to pronounce someone dead. In a mining incident, a coroner or his/her deputy may or may not choose to go underground. Michael A. Baker, County of Indiana, PA Coroner, in a presentation to the Pennsylvania Governor's Families First Response and Communication Advisory Council in April 2011 provided guidance in this area. He noted that how the families are notified of their loved one's death and how they are supported is the most important activity in a disaster. He also provided specific suggestions for mine operators. He said, do not:
1. Move the body (except for imminent danger to the life or health of rescuers or survivors); 2. Rock dust (unless there is imminent danger of an explosion), which can cover up evidence 3. Move machinery (unless necessary for safety); 4. Cover the body if there has been a crime; the coroner recommends that the body not be covered as evidence may be compromised. There is usually not a crime in a mine accident, so covering the body is acceptable; 5. Permit access of unauthorized personnel to the area; 6. Attempt to notify the family (until after the coroner's pronouncement, and with the coroner's involvement).
Only the coroner may authorize removal of the body and is responsible for notification, although these responsibilities may be delegated. In addition, before an announcement to the news media, family members must be given time to notify other family and close friends. Baker's research indicates that family members remember if the notification is too public. He cited an example of an official's coming to the family member's workplace and taking them into the hallway. Family members remember if inexperienced personnel were sent for the notification without enough information, such as: "where is the body now?" Families need an answer to "what happens now?".
In certain cases, a mine has to be closed when it is too dangerous to enter and remove the deceased. Such was the case in the 2008 Crandall Canyon, UT disaster and in the 2010 BP Deepwater Horizon explosion in the Gulf of Mexico. In both cases, the bodies were never recovered. This increases the trauma for family, friends, and co-workers. Every effort should be made to identify bodies, and mass burial should be avoided if at all possible. Families need the opportunity to conduct culturally appropriate funerals and burial according to social custom. The Sunday 8 October 2006 edition of the Pittsburgh Post-Gazette included an article from writer Chico Harlan, who wrote about one of the Sago suicides. In an article titled "Sago Mine: shredded skin, scarred psyches for disaster survivors," he wrote that the week before, a sign in the Sago bathhouse, posted shortly after one of the suicides, directed the miners to a group counseling session where they could talk about the trauma they had all survived but rarely acknowledged. The subject of the article had agreed to the session as he recognized that his job underground had felt joyless since mid-March when the mine reopened-plus it allowed him to cut a few hours from his workday. He walked daily through the Second Left section, where, on 2 January an explosion trapped 13 men, killing 12 of them. "I think about it every time I'm there." After the accident, most people talked about the one survivor, but there were 29 men who had been underground. A few weeks before, one of the miners had found a half-piece of a deceased miner's hard hat, ripped apart by the force. "Sixteen men escaped, all they got were scars." In the session, according to Harlan, one of the men stated, "Your nerves stay shot. Every single noise, you jump. You're on edge all the time. Counseling-I went once." They told me this and that, but I said "Just leave me alone. It don't help you any. You just go on living if you want to live." "I wanted to get away from it all, but I can't", another miner said, "Too many memories. It brings tears to your eyes."
Mental Health Issues

Background
There are five generally recognized psychological phases of disaster:
1. Initial impact phase; 2. Heroic phase where people are helping each other and perform heroic behaviors usually before professional rescue personnel arrive on scene; 3. Honeymoon phase where people are thankful they are alive and thankful to rescue personnel; 4. Disillusionment phase where people begin to get frustrated and angry that things are not happening fast enough (the clean-up, return to homes, help, housing, decent food, etc.). They may feel helpless; 5. Reconstruction phase where people have accepted the new order of things and are rebuilding.
These phases are not linear and people/organizations fluctuate between them. It is not a step-by-step process. Psychological Response stages include:
1. Shock and disbelief; 2. Strong emotional reaction; 3. Acceptance; 4. Recovery.
Some individuals never move beyond stage 2 or 3 to recovery. It impacts and changes their lives such that they cannot integrate the experience and move on to a "new normal". Again, these are not linear stages, and some people never get to the latter phases or may move back and forth between stages.
The Centers for Disease Control and Prevention (CDC) has developed The Impact Pyramid to illustrate the impact of a disaster on various populations. The top of the pyramid is the victims, followed by family and social networks, rescue workers, medical care providers, their families, and social networks, vulnerable populations and impacted businesses (such as a rural economy with the closing of a mine and the impact on the mining company). At the base of the pyramid are ordinary people and their communities.
No one who experiences a disaster is untouched by it. Strong evidence suggests that disasters lead to psychological problems such as depression, alcohol abuse, and an increase in domestic violence. Physical illness and additional psychological symptoms have also been reported after a disaster [16, [73] [74] [75] [76] [77] .
Suicides and depression may be the result of inadequate psychological support during and after an emergency response. It has been suggested that the most vulnerable time emotionally is from six months to one year after the event. There is increased fear of rages, self-destructive behavior and even suicide. "The despair, the helplessness gets so intense, it bursts out" [78] . There were suicides in the aftermath of both the 2002 Quecreek and 2006 Sago events. Two West Virginia miners who were at the site of the Sago Mine disaster committed suicide within about six months of the event as described at the beginning of this section. Neither man was blamed in the tragedy nor was it clear why either committed suicide. However, family members claimed that these men were continually bothered by the event. Another suicide victim was the man who pinpointed the location to drill at Quecreek, but it is not clear if this played a role in his suicide. These cases support the need for specially-trained counselors in disaster mental health.
Specialized Training
Specialized training in crisis intervention may virtually double the clinical effectiveness of mental health interventions [79] . It is no longer appropriate to assume that simply because one possesses a license for the independent practice of mental health that one is competent in this highly specialized area [57] . In some communities, the local Red Cross is available to provide qualified disaster mental health support but is not present for follow-up. Mental health interventions may mitigate serious emotional, behavioral, physical, and cognitive consequences to individuals experiencing a trauma [80] . Rescue workers, incident command personnel, co-workers, and family members are also subject to the psychological after-effects of a traumatic incident.
How long these reactions last is an important concern for crisis intervention programs, but knowledge about duration depends upon the research studies investigating the many consequences of disaster. Longitudinal studies are relatively rare, although they have increased since 9/11. Conducting research under crisis conditions is difficult. Pre-disaster baseline data is practically impossible to obtain. Thus, a direct causal link between disasters and mental health consequences is difficult to determine. Disaster researchers often appreciate the value of crisis situations as a window through which the psychological aspects of survival may be observed. Both positive and negative extremes of human behavior occur in a crisis.
Preparing miners, management, and mine rescue teams on what they may normally expect behaviorally, cognitively, emotionally, and physically from themselves and others during an emergency response may have a stabilizing effect on the rescue or recovery. Present thinking in the mining industry is beginning to recognize and support after-the-disaster mental health interventions. Experience indicates that information and services would be beneficial before (planning), during (on-scene), and after a mine disaster.
Effective response to the psychological needs of people after a disaster depends on advance planning. Without planning, questions that could have been anticipated and answered before the crisis must be answered in the midst of the crisis. Who should respond? What training do they need, and how do they fit into the incident command structure? Who coordinates and oversees the support? Unfortunately, groups seldom look at the psychological consequences of a disaster as a critical part of preparedness. The goal is to provide qualified people in a timely manner with appropriate psychological services.
In 1992, the American Red Cross, which responds to disasters small and large, fully implemented its Disaster Mental Health Services Program [81] . This program trains licensed mental health professionals to extend disaster mental health services on site to Red Cross workers and primary victims and is designed to work closely with local mental health agencies. The program was updated and revised in 2006.
One of the most significant impediments to organized disaster response in the public sector has been the changing nature of the public mental health system. Community mental health centers, the frontline of federal and state mental health services initiated during the 1960s and 1970s, are disappearing. In rural mining communities, the local mental health facility is usually the only provider of psychological services. Today, the public mental health system is largely oriented to serving people with severe and persistent mental illness. As a result, public community mental health agencies, which remain the primary sponsors of crisis-counseling programs, are sometimes in a difficult position because of a lack of training, experience, and skills related to providing broad-based services to otherwise "healthy" individuals after a crisis.
Effective mental health services dealing with disasters are different from traditional mental health services in some important ways, including the people served and how the service is provided. Most disaster survivors have never received mental health services and do not see themselves as needing counseling or psychotherapy treatment. There still exists a stigma of mental illness in society. Most disaster survivors are normal people who need to cope with an abnormal or extra-ordinary experience. It then becomes critical that a psychological diagnosis not be assigned indiscriminately or prematurely to individuals experiencing normal responses to a trauma. The federal disaster mental health program is based on a crisis-counseling model and designed to provide short-term intervention. Unfortunately, as mentioned, most rural public mental health facilities do not have personnel trained in crisis intervention.
Following a disaster, people tend to turn to their traditional sources of support such as family, friends, church, and primary care physicians. These organizations and individuals play key roles and can help in providing information and appropriate intervention. It is also important to remember that those close to a victim of a disaster may be secondary victims and may experience additional disaster-related problems.
Individuals who have experienced trauma tend to respond to very direct care giving, such as concrete suggestions on managing stress and how to respond to family or organize priorities immediately after the event. By and large, mental health professionals are trained in nondirective techniques in working with patients, specifically techniques that focus on reflection and are more passive. These types of techniques work less well in crisis counseling and again point to the difference between traditional counseling and crisis intervention. The history of federally-funded crisis counseling indicates that effective crisis counselors do not necessarily require the background or credentials of a licensed mental health professional but they do require training in disaster mental health theory, crisis counseling techniques, and screening. Most importantly, it is recommended that they be supervised by licensed professionals who have specialized in disaster mental health and who have a referral system for individuals who may require extended treatment.
Other Relevant Studies
Increasingly, behavioral health is part of planning and response in the nation's emergency response system at organizations such as the Many studies on the psychological aftermath of a disaster make use of PTSD, discussed earlier, as a measure of trauma with observable physical, emotional, behavioral, and cognitive symptoms. In an interesting study after a magnitude 7.5 earthquake in Pakistan in 2006, 75 survivors were interviewed. The authors explored the relationship between certain traumatic stressors and PTSD. The findings suggested that being trapped under rubble is a significant predictor of later disorders. Another investigation in 2006 examined the relationship between trauma and "earth fall" mining accidents [82] . The subjects were classified into two groups-a PTSD group and a non-PTSD group. All people in both groups reported feeling as if their lives were in danger; previous trauma was listed as a significant factor in the PTSD group. The authors theorized that being trapped and immobile in complete or near complete darkness was particularly predictive because the situation involved all the senses, i.e., feeling the rocks on the body, tasting and smelling the dust, hearing the rocks and cries of others. The more senses involved in the trauma, the higher the likelihood of developing symptoms. The relationship could be generalized to being trapped under a mine roof fall.
After 2006, NIOSH investigated mine emergency escape and rescue, utilizing in-house researchers, and explored academic and international sources to determine best practices [83] [84] [85] [86] [87] . The reports from South Africa, China, Poland, Ukraine, and Russia produced under contract for NIOSH offered little in the way of further information on psychosocial knowledge applied to mine emergencies.
The Australian report, on the other hand, offered an empirically-based behavioral intervention that has been in practice for a number of years-that of self-escape. This intervention provides an opportunity for a paradigm shift and behavior change in mine escape for all miners. This is different from the present emphasis in the U.S. on rescue teams to an emphasis on training everyone on many of the skills associated with escape and rescue. Self-escape interventions emphasize a change in thinking, attitude, and behavior in mine emergency response for the United States.
In a mine emergency, self-escape emphasizes the skills of the individual miner(s), their decision-making skills, and group dynamics. Instead of focusing on highly trained mine rescue teams, the focus is on providing each miner with sophisticated training, strategies, and practice in escape. This philosophy fits in with the inclusion of psychological expectations training for miners. Learning what behaviors they can expect from themselves and others could enhance self-escape.
South Africa has a trauma management program called COPE, which was developed by the employee assistance program at the Chamber of Mines to respond to mining workplace accidents. The guiding principles of the program include the belief that psychological trauma should be given the same consideration as physical trauma. Further, the program must be voluntary and confidential such that participation cannot affect promotion potential. The program also provides supervisor training to help identify potential post-traumatic stress disorder (PTSD) cases, based on changes in work performance. The program identifies three levels of intervention: (1) individual major incident, (2) individual minor incident and (3) widespread incident. Each of these types has an associated methodology [88] .
The Russian Red Cross initiated a psychosocial support program for the families of miners affected by a blast in two Russian coal mines. They discovered that there were factors unique to people affected by mine accidents. They found that mine accidents have greater effect on everyday life because mines continue to be operational after the incident. In addition, some miners who survived the accident often could not go back to work. Moreover, the families of miners who returned to work constantly worried about their loved ones' lives [89] .
Two of the underground coal producing countries studied, as well as one country from additional research, have either acknowledged and/or developed programs to address some of the psychosocial issues of a mine disaster. Analysis of the present status of programs in the industry, reflected by this research and research from the broader emergency response community, indicates that the dissemination of behavioral health information is definitely limited and not well represented in training and policies in the U.S. mining industry. That is not to say that there are not several mine operators in the U.S. who recognize the importance of this issue and have attempted to address it. There is not, however, a specific, consistent program integrating the psychological aspect of disasters into mine emergency response.
Resilience
Humans are efficient survival machines, individually and in groups. Survival is accomplished not by brute strength or avoidance, but by recognizing and solving problems that provide the ability to cope in a potentially hostile environment. Today's terminology sometimes refers to this construct as resilience-the ability of an individual or organization to both withstand significant adversity and to rebuild after a trauma. Resilience has been described as a dynamic process of healthy adaptation in adversity. Resilience is multi-dimensional and involves personal, organizational, and environmental factors, including hardiness, flexibility, and optimism, as well as the availability of social resources, a sense of connectedness and support, and overall intelligence [90] . Resilience is emerging as an umbrella concept for positive behavioral emergency response, with promising identifiable factors that are applicable to improved emergency escape and response strategies. In other words, once identified, these factors can be taught [91] .
Developing resilience in the mining population is a pro-active step to improving successful escape, rescue, and command center decision-making. Helping miners develop a healthy adaptation to adversity is central when integrating self-escape behaviors into a systems approach to mine escape and rescue. Although resilience has been defined in many ways [92] [93] [94] [95] [96] , an on-going NIOSH study has defined resilience as the psychological and social characteristics of an individual miner and mine crew that help them to withstand significant adversity and to "bounce back" after a trauma. The authors of Strategies for Escape and Rescue from Underground Coal Mines [87] concluded that developing resilient miners, who are able to respond and self-escape if necessary, is needed to improve emergency response in the U.S. underground coal industry.
This concept of resilience may be extended to include families, organizations, communities, and nations in their response to adversity. It appears that the single most powerful factor in promoting resilience is the expectation and provision of interpersonal support. The mining industry is described as a community, a brotherhood. Teaching resilience could strengthen the support for individuals within the community. Determining the components of resilience in self-escape from an underground mine, for example, could provide miners with invaluable information in the event of an incident where they must evacuate a mine.
Technology may also play a useful role in resiliency. Under a grant from Microsoft, two professors have been working to create a "Survivor Buddy" in response to the psychological strain that confinement can place on persons. The "Survivor Buddy" robot will be an emergency companion for people stuck in the crossfire of snipers, in mines, or under the rubble of an earthquake-ravaged building. It is expected that the robot will play soothing music to trapped victims and feature a screen showing the faces of loves one and rescuers trying to reach them. It will also deliver water and transmit victims' vital signs [97] .
Interventions
Systems Approach
A disaster response systems approach incorporates the basic hierarchy model of safety. First, engineering controls are employed. The mining industry is heavily focused on eliminating hazards from the workplace, an approach evidenced in disaster response by continual improvements in the technology, Personal Protective Equipment (PPE), and equipment used by mine workers and mine rescue personnel. This approach led to dramatic decreases in injuries and fatalities in the first half of the 20th century in the United States. Next, administrative controls are employed, such as training, scheduling worker shifts to optimize production and safety, providing safety incentives, and influencing management to support a culture of safety to prevent injuries. Finally, attention to behavioral interventions contributes to the safety system, including fostering worker responsibility, co-worker support, and attitudes for safe behavior and accountability [98] .
Attention to behavioral interventions for mine safety is presently increasing in the mining industry, and awareness of the human element is increasing in mine disaster escape and response.
Present Status
The Mine Safety and Health Administration (MSHA), in response to the 2006 MINER ACT, is working toward incorporating the National Transportation Safety Board (NTSB) response for transportation disasters to mine families after a mining incident. The efficacy of the NTSB program for mining has not been empirically validated. There are a number of immediate issues needing evaluation before such a program is implemented, including a review of the IASC international guidelines and the behavioral disaster mental health programs recommended by the U.S. Departments of Health and Human Services (DHHS), Homeland Security (DHS), and the American Red Cross. The NTSB responds to major incidents such as plane crashes, train wrecks, etc. where victims are unrelated, family members are geographically separate and the incident is considered over within days or weeks.
Mining incidents take place in rural communities where many people know each other, their families, and the mine managers; the effect on the community is typically long term. National experts in DHHS and the Red Cross have suggested utilizing Psychological First Aid, a program providing professional support and training the community to help each other. This is an excellent place to start in providing adequate behavioral health intervention to today's mining community.
After the 2002 Quecreek, PA mine inundation, the Commonwealth of Pennsylvania passed legislation in 2007 to ensure that mine families would be treated with dignity and care in the event of a mine incident. The Mine Families First Act, House Bill #483, provides for policies and an advisory council to ensure proper protocols are in place.
The Commonwealth of Pennsylvania Governor's Mine Families First Response and Communication Advisory Council, working with the Bureau of Deep Mine Safety, developed an emergency response plan and protocols that can serve as a model for taking care of families during a mining incident where miners are trapped, injured, or awaiting rescue. Key components include specific suggestions for mine operators, family liaisons, and communications. The mine operator continues to have the primary responsibility to the miners and their families affected by an emergency. Although this role has not changed, the Mine Families First Act places the mine operator as well as other support organizations in a more collaborative relationship with families. It has raised awareness of the issue and allowed operators to pre-plan responses and incorporate them into their overall emergency response plan. The state plan identifies specific resources and support personnel for the operators in every county [99] .
Training
NIOSH Researchers have explored the issues of traumatic incident stress, burnout, and stress related to training during a simulated escape through smoke, in addition to studying behaviors in underground mine fires [23, 46, 100, 101] . In one study, small groups of miners were required to don self-contained self-rescuers (breathing apparatuses), enter an area of an underground limestone mine that had been filled with non-toxic theatrical smoke, and travel approximately 885 feet to a door through which they exit into fresh air. Individual subjects immediately provided a self-report of their experiences on questionnaires. The general finding was that miners who had more experience or training also tended to report less stress during the exercise. Studies of emergency responders in public service support the finding that training and experience can mitigate the intensity of the stress response for individuals. These results also support the need for expectations training.
The Bottom Line
Major disasters can be not only traumatic and stressful, but also expensive for the company, community, family and friends of the victims. In economically uncertain times, a mine disaster can financially impact a company through the need to supply equipment, supplies, and emergency response service personnel. The loss of production and workers can also add financial burdens [102] . The psychological reaction from a major mine disaster affects other employees, work teams, and organizational divisions [103] . Psychological reactions to disasters and the resulting symptoms may cause absenteeism, lost workdays, decreased worker effectiveness, reduced work productivity, increased safety issues, and increased sick leave and mental health problems.
In a study by Hu & Slaysman [103] it was found that respondents indicated having difficulty staying focused, and some reported working at a slower pace as a result of exposure to trauma. The American Institute of Stress estimates that stress, and the problems associated with it, cost organizations more than $300 billion a year [104] . These costs can also extend beyond the organization into the community. Major disasters have the ability to change the economic conditions of families and possibly increase the health care required for the injured or stressed worker, his/her family, and co-workers. In addition, this may affect the economic and social outcomes and behaviors for other family members, including children. This effect is particularly relevant in the mining industry where the mine is the area's chief employer.
It is not easy to study the psychological and economic effects of a disaster immediately after an event. Consequently, past incidents offer the best information. An early example of disaster consequences was seen in the Three Mile Island nuclear accident. Researchers studying the accident, which occurred on 28 March 1979 near Harrisburg, Pennsylvania, found that inside the 15-mile radius around the accident site, residents were 20 percent more likely to have behavioral symptoms, such as stress, sleep disorders, and anxiety than those beyond the 15 mile radius.
Twenty-two years later, research supported this finding on the effect of proximity to an incident. The proximity to the World Trade Center on 9/11 was positively correlated with increased mental health problems [105] .
While direct costs of absenteeism, burnout, and mental health problems can be extensive, they only represent about one-third of the total costs, with indirect costs contributing to the remaining two-thirds. An accepted rule of thumb is that for every $1 of direct costs an estimated $3-$5 of indirect costs are also acquired [106] [107] [108] . In addition to standard losses, such as lost wages and health care costs, there are numerous direct and indirect costs associated with workplace injuries that are often not taken into account when assessing the consequences associated with a disaster.
Indirect costs include additional hiring, creating programs to retain employees, and loss of productivity due to time delays brought on by the disaster itself. The effects of workplace injury, exposure, or fatality on the productivity of coworkers who may be having difficulty coping, as well as the addition of anxiety because of the potential heightened risk that workers may experience, are also factors. Major disasters like the Three Mile Island example have the ability to impact stress levels, which in turn can influence the demand for health care services and changes in consumption of alcohol, cigarettes, and over-the counter-anesthetics [103] . Studies after both the Oklahoma bombing in 1995 and the 9/11 incidents indicated increased use of alcohol as a coping behavior [104] .
There are several costs that are a direct result of absenteeism or loss of an employee. These costs include salary paid to absent personnel. Paid leave is one of the most expensive employer-provided benefits. The time spent by supervisors seeking replacement workers or training new personnel can be significant. There are also overhead costs that can be associated with employees' absenteeism or loss. If an employee is lost due to the psychological or physical effects of a disaster, replacing him/her may not eliminate the negative consequences of the event. Employee work efficiency is often linked with familiarity and practice. Replacement employees often lack the familiarity with the organization and, in most cases, lack the years of experience of those they replace. The costs attributable to re-staffing after the impact of disasters can be substantial [107] .
Specific Recommendations for Pre-, During, and Post-Disaster Interventions
The behavioral health needs of the mining community pre-, during, and post-event are not being addressed adequately. Information from behavior research in emergency response, including the concept of worker resilience, is not reaching the mining industry. Both research and actual experience in emergencies point to the idea that behavioral health should be part of a systems approach to pre-, during, and post-disaster planning and response. Training and appropriate interventions can decrease exposure to the risk and/or increase the number of protective factors. Research in this area has shown that such interventions may mitigate serious emotional, behavioral, physical, and cognitive consequences for personnel [109] .
Pre-event 1. Recognize that there are human factors that impact workers in a mine emergency, including escaping miners, mine rescue personnel, incident command personnel, and federal, state, union, and company decision-makers. Recognize the financial impact to the company and to the mining industry. 2. Integrate expectations training into the Emergency Response curriculum. This should include what to expect from wearing an SCSR, normal individual and group behavioral responses to escape, leadership, and refuge chamber expectations. Normal stress response, interventions, and follow-up should be part of the pre-event training. Expectations training should include a thorough examination of the issue of self-escape, personal responsibility, and decision-making. How self-escape changes present mine rescue protocol and how it applies to mining in the U.S. needs serious discussion.
